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(54) Fuel feed control system 



(57) A control system is provided for use in control- 
ling fuel supply to at least two sets of burners (1 8, 22, 
26, 28) of an engine. The control system comprises two 
or more fuel pumps (1 2a, 12b), each of the pumps (12a, 



12b) being driven, in use, by a respective variable- 
speed motor (14a, 14b). Control means (30) is provided 
for controlling the speed of the motors so as to regulate 
the rate of flow of fuel to each of the sets of burners (1 8, 
22, 26, 28). 
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Description 

[0001] This invention relates to a control system for 
controlling the fuel supply to a combustion engine hav- 
ing two or more sets of burners. 

[0002] In staged combustion gas turbine engines, the 
arrangement of the burners commonly includes a set of 
pilot burners, which are on at all times when the engine 
is running, a set of idling burners, providing a steady low 
speed operation when the engine is at idle, and one or 
more sets of main burners, which are fired in stages as 
thrust demand increases. Ideally, the control system for 
controlling the supply of fuel to the burners should have 
the ability to maintain the rate of fuel flow to each set of 
burners, even when the flow to other sets is changing. 
Problems can arise with single pump control systems 
as a reduction in flow can occur in the fuel supply to the 
pilot and idling burners when a set of main burners is 
switched on. 

[0003] In staged combustion gas turbine engines, it is 
also a requirement to be able to purge the part of the 
fuel supply path to a set of burners exposed to high am- 
bient temperatures when the burners are switched off, 
otherwise the paths are liable to block as a result of solid 
carbon particles forming in the residual fuel. Further- 
more, once a path has been purged it is desirable to 
minimise the delay that occurs in refilling the path when 
the burners are next switched on. It is also desirable 
that, since failure of the fuel supply will cause the engine 
to shut down with potentially dangerous consequences, 
for example on aircraft, the system should contain some 
form of back up or redundancy. 

[0004] It is an object of the invention to provide a fuel 
supply control system in which at least one of these re- 
quirements is met or one of the aforementioned prob- 
lems is alleviated. 

[0005] According to a first aspect of the present inven- 
tion there is provided a control system for use in con- 
trolling fuel supply to at least two sets of burners of an 
engine, the control system comprising two or more fuel 
pumps, each of the pumps being driven, in use, by a 
respective variable-speed motor, and control means for 
controlling the speed of the motors so as to regulate the 
rate of flow of fuel to each of the burners. 

[0006] Preferably, each of the fuel pumps is driven by 
means of a variable-speed electric motor. 

[0007] In one embodiment, the control system may 
comprise two pumps, each of the pumps having an inlet 
and an outlet. 

a first fuel flow path through which fuel flows, in use, 
from the outlet of a first one of the pumps to a set 
of pilot burners and to a set of idling burners, and 

a further fuel flow path through which fuel flows from 
the outlet of the other of the pumps to a set of further 
burners, 
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the set of idling burners and each set of further burn- 
ers each preferably having, associated therewith, 
respective staging valve arrangements. 

5 [0008] The staging valve arrangements may be elec- 

trically operated valves. Alternatively, pressure operat- 
ed check valves may be used. 

[0009] The control system may further comprise 
means for controlling operation of the staging valve ar- 
io rangements. 

[0010] Preferably, the set of further burners compris- 
es a first set of main burners and a second set of main 
burners. The control means may take the form of an 
electronic controller associated with the aircraft engine. 
is [001 1 ] It is an advantage of the invention that the flow 
of fuel through the pumps may be rapidly increased to 
a higher level for a short period of time (i.e. ,, spiked ,, ) J in 
order to substantially maintain the rate of flow of fuel to 
one or more sets of burners when another or others of 
20 the sets of burners are switched on (i.e. during priming 
of the newly switched on burners). Additionally, the con- 
trol algorithms are simpler if each fuel flow path is sup- 
plied with fuel from a separate electrically driven pump. 
[0012] The first fuel flow path may be provided with a 
25 first flow sensing valve for monitoring the rate of fuel flow 
through the first fuel flow path, whereby the first flow 
sensing valve provides a first output signal indicative of 
the rate of flow of fuel through the first fuel flow path, the 
control means receiving the first output signal such that 
30 the speed of at least one of the motors is controlled in 
response to the first output signal. 

[001 3] The further fuel flow path may be provided with 
a further flow sensing valve for monitoring the rate of 
fuel flow through the further fuel flow path, whereby the 
35 further flow sensing valve provides a further output sig- 
nal indicative of the rate of flow of fuel through thefurther 
fuel flow path, the control means receiving the further 
output signal such that the speed of at least one of the 
motors is controlled in response to the further output sig- 
40 nal. 

[0014] Conveniently, at least one of the first or further 
flow sensing valves may be provided with a position sen- 
sor for monitoring the position of the associated flow 
sensing valve, the position sensor providing an output 
45 signal indicative of the rate of flow of fuel through the 
respective fuel flow path. 

[0015] A linear variable differential transducer (LVDT) 
may be used as the position sensor. 

[0016] In one embodiment of the invention, the further 
so fuel flow path may be provided with a split valve arrange- 
ment for dividing the fuel flow into first and second stag- 
ing fuel flow paths. In usg, fuel flows through the split 
valve arrangement into the first staging fuel flow path to 
a first set of main burners and into the second staging 
55 fuel flow path to a second set of main burners, the pro- 
portion of the total flow of fuel into the split valve that 
flows to the first set of main burners being controlled by 
controlling the position of the split valve arrangement. 
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[0017] Each staging fuel flow path may be provided 
with a flow sensing valve for monitoring the rate of fuel 
flow through the respective staging fuel flow path, 
whereby the flow sensing valve associated with each 
staging fuel flow path provides an output signal indica- 
tive of the rate of flow of fuel through the associated 
staging fuel flow path. 

[0018] In any of the embodiments herein described, 
the fuel flow path deiiveringfuel to the set of pilotburners 
may be provided with a pressure raising shut-off valve 
(PRSOV). which serves to maintain a fuel pressure with- 
in the system above a predetermined value and pre- 
vents the flow of fuel to the set of pilot burners if the fuel 
pressure falls below a predetermined value. 

[001 9] Conveniently, the outlets of the pumps may be 
connected to each other to form a common supply for 
each set of burners. For example, for an engine having 
three sets of burners, the common supply may deliver 
fuel to firsL, second and third fuel flow paths associated 
with the first, second and third sets of burners respec- 
tively. Each of the first, second and third flow paths may 
be provided with a flow regulating valve and a flow sens- 
ing valve, the control means including a means of con- 
trolling the flow regulating valves in response to an out- 
put signal provided by the respective flow sensing valve. 
[0020] It is an advantage of this embodiment of the 
invention that failure of one of the pumps will not give 
rise to a complete loss of fuel supply to all of the burners 
and will permit continued operation of the engine. 
[0021] Each flow regulating valve may include an inlet 
port and an outlet port, the flow regulating valve being 
movable to an open position in which fuel at high pres- 
sure is able to flow through the associated fuel flow path 
to the associated set of burners. 

[0022] Each flow regulating valve may further include 
a low pressure inlet port and a low pressure outlet port, 
the flow regulating valve being movable to a closed po- 
sition in which high pressure fuel flow is prevented but 
fuel at low pressure is able to flow through the low pres- 
sure inlet port, through the low pressure outlet port and 
into the associated fuel flow path to permit priming of 
the associated set of fuel manifolds with low pressure 
fuel. 

[0023] Each main manifold may have an associated 
air vent valve arrangement, the air vent valve arrange- 
ment being opened during priming of the respective 
main manifold in order that air and/or other gases in the 
respective fuel flow path is able to escape through the 
air vent valve arrangement. Any low pressure fuel which 
may escape through. the air vent valve arrangement 
flows to a low pressure drain. On completion of the prim- 
ing of a set of burners, the air vent valve arrangement 
is closed, the respective flow regulating valve remains 
closed and flow of the low pressure fuel to the main burn- 
ers is prevented by the staging valves which remain 
closed. 

[0024] Conveniently, the PRSOV associated with the 
pilot burners, may be used to purge the manifolds and 



fuel supply paths between the flow regulating valves and 
the associated burners on shut down by permitting fuel 
in tne fuel flow path through which fuel flows to the as- 
sociated set of burners to flow through the PRSOV to 
5 the low pressure drain after the burners have been 
switched off. 

[0025] According to a second aspect of the invention, 
a method of controlling fuel supply to at least two sets 
of burners comprises the steps of providing two or more 
10 fuel Dumps, driving each of the fuel pumps by a respec- 
tive variable-speed motor, and controlling the speed of 
the motors so as to regulate the rate of flow of fuel to 
each of the sets of burners. 

[0026] It will be appreciated that the preferred and/or 
optional features of the first aspect of the invention may 
be used to carry out preferred and/or optional steps of 
the second aspect of the invention. 

[0027] Various embodiments of the invention will now 
be described with reference to the accompanying draw- 
ings: 

Figure 1 is a schematic block diagram of a staged 
combustion gas turbine engine control system us- 
ing two electrically driven pumps in accordance with 
an embodiment of the present invention; 

Figure 2 is a schematic block diagram of a staged 
combustion gas turbine engine control system us- 
ing two electrically driven pumps in accordance with 
an alternative embodiment of the present invention , 
with the pump outlets connected to each other to 
form a common supply; 

Figure 3 is a schematic block diagram of a staged 
combustion gas turbine engine control system us- 
ing four electrically driven pumps in accordance 
with a further alternative embodiment of the present 
invention: and 

Figure 4 is a schematic block diagram of a staged 
combustion gas turbine engine control system in 
accordance with a further alternative embodiment 
of the present invention, in which the sets of burners 
may be primed and purged. 

[0028] As shown in Figure 1 , fuel at low pressure, LP, 
is supplied to the inlets of two positive displacement 
pumps 1 2a, 1 2b. which are driven by respective variable 
soeed electric motors 14a, 14b, each of the pumps hav- 
ing an associated relief valve 9a, 9b. A first one of the 
pumps 12a delivers fuel at a high pressure to the inlet 
manifold 1 6 of a set of pilot burners 1 8 and a set of idling 
burners 22 through a fuel flow path 1 3, the fuel flow path 
13 being provided with a flow sensing valve 36 and a 
pressure raising shut-off valve 34. The idling burners 
have, associated therewith, staging valves 20 which are 
operable between an open position, in which fuel in the 
flow path is delivered to the idling burners 22, and a 
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closed position in which such fuel delivery is prevented. 
The other fuel pump 1 2b delivers fuel at a high pressure 
to the inlet manifolds 17a, 17b of further sets of main 
burners 26. 28. each having an associated staging valve 
arrangement 24, 25 respectively. The fuel supply to the 
sets of main burners 26, 28 is divided by means of a 
split valve arrangement 40. the position of which is con- 
trolled by means of a motor 42, the split valve arrange- 
ment 40 being arranged such that the common supply 
of fuel from the pump 1 2b is delivered to first and second 
flow paths 43a, 43b : the first flow path 43a delivering 
fuel to the main burners 26 and the second flow path 
43b delivering fuel to the main burners 28. Each of the 
flow paths 43a ; 43b is provided with a flow sensing valve 
44a, 44b for monitoring the rate of fuel flow through the 
respective flow path 43a, 43b. 

[0029] Conveniently, each of the flow sensing valves 
36, 44a, 44b, is provided with a linear variable differen- 
tial transducer (LVDT) 38, 46a, 46b respectively for 
monitoring the position of a valve member forming part 
of the respective flow sensing valve, each of the LVDTs 
38, 46a, 46b providing an output signal which is indica- 
tive of the rate of flow of fuel through the respective flow 
path. The output signals generated by the LVDTs 38. 
46a, 46b are provided to a control unit 30, conveniently 
a computer or an electronic control means with a com- 
puter interface, which generates control signals 27a, 
27b for controlling the speed of the pump motors 14a, 
1 4b respectively in response to the LVDT output signals. 
The control unit 30 may also receive other demand sig- 
nals 32 from the engine, as would bef amiliar to a person 
skilled in the art. The control unit 30 is also arranged to 
provide control signals 33 to control the opening and 
closing of the staging valves 20, 24, 25 at the desired 
stage in the engine operating procedure. Although elec- 
trically operated staging valves 20, 24, 25 are described, 
it is also possible to use pressure operated check 
valves. 

[0030] In use, fuel is delivered by the pump 1 2a to the 
set of pilot burners 18 which are ignited on start-up. At 
an appropriate time, the control unit 30 generates a con- 
trol signal 33 to cause the staging valves 20 associated 
with the set of idling burners 22 to open so as to permit 
fuel to flow thereto, the set of pilot burners 18 causing 
ignition of the idling burners 22. The LVDT associated 
with the flow sensing valve 36 provides an output signal 
to the control unit 30 which is indicative of the rate of 
fuel flow through the flow path 13. When the staging 
valves 20 are opened, and in response to the measured 
fuel flow rate, the control unit 30 provides a control signal 
27a to the electric motor 14a, whereby the speed of the 
electric motor 14a is varied so as to ensure the flow of 
fuel to the pilot burners 1 8 and idling burners 22 is main- 
tained at a predetermined required rate. 

[0031] Following ignition of the idling burners, and in 
response to the appropriate demand signal 32 from the 
engine, the control unit 30 increases the speed of the 
second pump 12b and generates a further control signal 



33 to open at least one of the staging valves 24, 25 as- 
sociated with the sets of main burners 26, 28 respec- 
tively. thereby permitting fuel to flow from the second 
pump 12b. through the flow paths 43a. 43b to the sets 
5 of main burners 26. 28, the main burners 26, 28 being 
ignited by the pilot burners 1 8. The LVDTs 46a, 46b as- 
sociated with the fiow sensing valves 44a, 44b respec- 
tively monitor the fuel flow rates through the flow paths 
43a. 43b and provide output signals, indicative of the 
io rates of fuel flow to each of the sets of main burners 26, 
28, to the control unit 30. The control unit 30 provides 
an output signal to the motor 42 to control the position 
of the split valve arrangement 40 and provides an output 
signal 27b to control the speed of the electric motor 1 4b 
associated with pump 12b so as to ensure the flow of 
fuel to both the sets of main burners 26. 28 is maintained 
at a substantially constant rate. 

[0032] The invention provides the advantage that the 
fuel flow rales to all sets of burners may be substantially 
maintained during operation of the engine, including pe- 
riods during which other sets of burners are being 
primed after being selected for switching on. A further 
advantage of the present invention is that the use of 
electrically driven pumps removes the requirement for 
a spillback loop, as used on mechanically driven pumps, 
and reduces the heat rejection of the system. The in- 
vention also enables electrically driven fuel pumps hav- 
ing different operating parameters to be selected to suit 
the range of fuel flow rates required by different sets of 
burners. Furthermore, in order to control fuel flow rates 
in two or more fuel flow paths, it is computationally eas- 
ier to program the control unit 30 so as to control two 
electrically driven pumps than to control a single pump 
to achieve the same purpose. 

[0033] It will be appreciated that further pumps, and 
further flow paths, may be included in the system to con- 
trol fuel supply to further sets of burners, if required. 
[0034] An alternative embodiment of the invention is 
snown in Figure 2, in which fuel at low pressure LP is 
supplied to the inlets of two positive displacement 
pumps 12a, 12b each of which is driven by an associ- 
ated variable speed electric motor 14a, 14b respective- 
ly. The outlets of the pumps 12a, 12b are coupled to- 
gether to form a common supply path 1 5 which delivers 
fuel to the manifold 16 of a set of pilot burners 18 and 
staging valves 20 associated with idling burners 22 
through a first flow path 19a. The flow path 19a is pro- 
vided with a flow sensing valve 36 having an associated 
LVDT 38 and a PRSOV 34. As described previously, the 
LVDT 38 provides an output signal to the control unit 30 
which provides an indication of the rate of flow of fuel 
through the flow path 19a. 

[0035] The common supply path 15 also delivers fuel 
to first and second additional flow paths 19b, 19c which 
55 deliver fuel to the manifolds 1 7a, 1 7b of further sets of 
main burners 26. 28 respectively provided with staging 
valves 24, 25 respectively. The additional flow paths 
1 9b. 1 9c are also provided with flow sensing valves 44a, 
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44b, each valve 44a ; 44b having an associated LVDT 
46a, 46b respectively which provides an output signal, 
indicative of the rates of fuel flow through the associated 
flow path 1 9b. 1 9c. to the control unit 30. Each additional 
flow path 19b, 19c is further provided with a flow regu- 
lating valve 52a, 52b actuated by an associated motor 
arrangement 54a. 54b. The control unit 30 provides sig- 
nals 33 to control the opening and closing of the staging 
valves 20, 24, 25 and also provides signals to control 
the motor arrangements, 54a, 54b and the electric mo- 
tors 1 4a, 1 4b in response to signals 32 from the engine 
and from the LVDTs 38, 46a, 46b. 

[0036] In use, the system in Figure 2 operates in a 
similar manner to that described previously, except that 
the flow rate of fuel in each of the flow paths 19a, 19b, 
19c is controlled by providing signals from the control 
unit 30, in response to the output signals from the LVDTs 
38, 46a, 46b, to the motor arrangements 54a, 54b for 
the flow regulating valves 52a,52b as well as to the elec- 
tric motors 14a, 14b associated with the pumps 12a, 
12b. It will be appreciated that the total fuel flow entering 
the common supply path 15 is controlled by providing 
signals 27a, 27b to vary the speed of the electric motors 
14a, 14b in response to the output signals from the 
LVDTs 38, 46a, 46b. 

[0037] In addition to the advantages described here- 
inbefore, the embodiment of the invention in Figure 2 
provides the further advantage that, as the pumps 12a, 
12b are arranged in parallel, fuel supply to the engine 
can be substantially maintained, even if one of the 
pumps 12a, 12b should fail. It will be appreciated that 
further pumps, and further flow paths, may be included 
in the system in Figure 2 to control fuel supply to further 
sets of burners, if required. 

[0038] Another alternative embodiment of the inven- 
tion is shown in Figure 3, in which fuel at low pressure, 
LP, is supplied to the inlets of four positive displacement 
pumps 12a, 12b, 12c, 12d, driven by associated variable 
speed electric motors 14a, 14b, 14c, 14d, respectively. 
In this arrangement, the pilot burners 18 are supplied 
with fuel through a first flow path 13a from pump 12a 
and the idling burners 22 are supplied with fuel through 
a second flow path 13b from pump 12b. Two sets of fur- 
ther, main burners 26, 28 are each supplied with fuel 
through associated third and fourth flow paths 13c, 1 3d 
from associated pumps 12c, 12d respectively. The op- 
eration is similar to that described previously with refer- 
ence to Figures 1 and 2. the motors 1 4a, 1 4b, 1 4c, 1 4d 
being controlled by signals from the control unit 30, 
which are generated in response to the output signals 
from the LVDTs 38a, 38b, 38c, 38d associated with the 
flow sensing valves 36a, 36b, 36c, 36d such that the fuel 
flow rate to each set of burners is substantially main- 
tained during engine operation. In particular, the fuel 
flow rateto each set of burners can be maintained during 
periods in which the fuel supply to other sets of burners 
is initiated, for example upon opening of the associated 
staging valves. 



[0039] In this arrangement, it will be appreciated that 
the flow to each set of burners can be controlled inde- 
pendently by varying the speed of the electric motor driv- 
ing the associated pump, each of which supplies fuel to 
5 only one set of burners. 

[0040] A further alternative embodiment of the inven- 
tion is shown in Figure 4 in which similar parts to those 
described previously are denoted with like reference nu- 
merals. In this embodiment of the invention, the control 
io system includes a valve arrangement 60 which takes 
the form of a PRSOV which is also used to purge the 
manifolds at shut down. The PRSOV 60 has an inlet port 
61 in communication with the fuel supply flow path 1 9a 
and an outlet port 62 in communication with a flow path 
15 69, the flow path 69 being in communication with the 

inlet manifold 1 6 of the pilot and idling burners 1 8, 22. 
[0041] When the PRSOV 60 is open, high pressure 
fuel is able to flow from the flow path 1 9a into the inlet 
port 61 , through the valve 60 and out through the outlet 
20 port 62 into flow path 69 for delivery to the burners 18, 
22. With the PRSOV 60 in this position, fuel from a low 
pressure fuel supply 84 is also able to flow through the 
PRSOV 60 into a flow path 75 through an outlet port 64. 
Additionally, a further port 63 of the PRSOV 60 is in com* 
25 . munication with a low pressure drain 81 , the further port 
63 also being in communication with a common flow 
path 82 which is provided with first and second air vent 
valve arrangements 80a, 80b associated with the sets 
of main burners 26, 28 respectively. 

30 [0042] The flow regulating valve 52a is movable be- 

tween a position in which high pressure fuel is able to 
flow from the flow path 19b, through the valve 52a and 
into a flow path 77a in communication with the inlet man- 
ifold 1 7a of the main burners 26 and a position in which 
35 low pressure fuel flowing through PRSOV 60 is able to 
flow through the flow path 75, into the priming flow path 
76a. The flow regulating valve 52b is operable in a sim- 
ilar manner so as to permit either high pressure fuel from 
the flow path 1 9c to flow through the valve 52b to a flow 
40 path 77b in communication with the inlet manifold 17b 
of the burners 28 or to permit low pressure fuel flowing 
through the PRSOV 60 to flow through the flow path 75, 
into the priming flow path 76b. 

[0043] With the PRSOV 60 in an open position, and 
45 the valves 52a, 52b closed, low pressure fuel is deliv- 
ered through the flow path 75, to the priming flow paths 
76a, 76b which communicate with Lhe inlet manifolds 
17a, 17b of the burners 26, 28 respectively. 

[0044] The control system shown in Figure 4 may also 
50 be used to prime the flow paths 77a, 77b with low pres- 
sure fuel prior to ignition of the associated burners and 
to purge the flow paths 77a, 77b, 69 at shut down. 
[0045] When the pilot burners 1 8 are to be ignited, the 
PRSOV 60 is moved to a position in which high pressure 
55 fuel is able to flow through the inlet port 61 , through the 
PRSOV 60 and out through the outlet port 62 into the 
flow path 69. 

When it is required to ignite the idling burners, staging 
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valves (not shown in Figure 4) associated with the idling 
burners are opened, as described previously, to permit 
fuel under high pressure to be delivered to the idling 
burners. 

[0046] Prior to their ignition, the main manifolds 17a, 5 

1 7b are primed with low pressure fuel by moving the PR- 
SOV 60 to a position in which low pressure fuel is able 
to flow through the PRSOV into the flow path 75. With 
the flow regulating valves 52a, 52b in their closed posi- 
tions, low pressure fuel is able to flow from the flow path 
75 into the priming flow paths 76a, 73b and into the inlet 
manifolds 17a ; 17b. Additionally the air vent valve ar- 
rangements 80a, 8Cb are opened, allowing air and/or 
other gases to escape as the fuel fills the manifolds 1 7a, 

17b and, hence, the flow paths 77 a, 77 b. Any fuel es- 
caping through the air vent valve arrangements 80a, 

80b is returned through flow path 82 to the low pressure 
drain 81 through the PRSOV 60. 

[0047] Before ignition of the main burners 26, the 
staging valve arrangement 24 associated with the main 
burners 26 is opened, the air vent valve arrangement 
80a is closed and the valve 52a is opened so that high 
pressure fuel is able to flow through the valve 52a into 
the flow path 77a for delivery to the burners 26. It will be 
appreciated that, under such circumstances, the deliv- 
ery of low pressure fuel through the PRSOV 60 to the 
inlet manifold 17a of the burners 26 is prevented. 

[0048] Prior to their ignition, the main burners 28 are 
primed in a similar manner to that described previously 
for the main burners 26. 

[0049] On switching off the main burners 26, the stag- 
ing valves associated therewith are closed and provided 
the PRSOV 60 is open, the associated flow paths re- 
main filled with low pressure fuel from the low pressure 
fuel supply 84. Operating the flow regulating valve 52a 
to shut off the flow of high pressure fuel to the inlet man- 
ifold 17a enables fuel to flow through the PRSOV 60 
from the supply 84 to the manifold 76a. On switching off 
the main burners 28, the associated flow paths are filled 
with low pressure fuel in a similar manner. 

[0050] When the engine is running and the sets of 
main burners 26 and/or 28 are switched off, purging of 
the injectors downstream of the staging valves is carried 
out using combustion air by means of a conventional 
technique which would be familiar to a person skilled in 
the art. The main manifolds 17a, 1 7b remain full of LP 
fuel. 

[0051] On switching off the idling and pilot burners 1 8, 

22, the staging valves associated therewith are closed 
and the associated flow paths are purged by closing the 
PRSOV 60 so that the supply of high pressure fuel to 
the pilot and idling burners is prevented and fuel in the 
inlet manifold 1 6 is able to flow through the PRSOV 60 
to purge the manifolds 1 6, 1 7a, 1 7b as follows. 

[0052] Air from the engine's combustion chamber 
flows through the pilot burners 18 into the manifold 16 
and via the flow path 68 to the PRSOV 60. With the PR- 
SOV 60 closed, the flow path 68 communicates with the 



flow path 82 and air is able to flow into the manifolds 
17a, 17b via the air vent valve arrangements 80a, 80b 
respectively. Air flows through the flow paths 76a, 76b, 
through the valves 52a, 52b and into the flow path 75 
which communicates, via the PRSOV 60, with the low 
pressure drain 81 . In this way, the manifolds 16, 17a and 
17b are purged with air when the engine is shut down. 
[0053] It should be noted that some engines do not 
require purged manifolds and therefore the above steps 
would not be necessary. 

[0054] The advantages of this system are that priming 
is undertaken at engine start up, thereby ensuring no 
delay is incurred in supplying the required flow rate of 
fuel to the burners when they are switched on. Those 
parts of the fuel supply path to a set of burners which 
are exposed to high ambient temperatures are also 
purged when the burners are switched off. 

[0055] It will be appreciated that the control system of 
the present invention may be extended to include a 
greater number of pumps and a greater or lesser 
number of sets of burners and associated valves, whilst 
still achieving the aforementioned advantages of the 
present invention. It will further be appreciated that in 
any of the embodiments of the invention, the speed of 
the pump(s) need not be controlled in response to the 
measured fuel flow rate to the burners but may be con- 
trolled in response to other demand signals from the en- 
gine. It will further be appreciated that the control system 
described may be used in conjunction with any type of 
pump having a variable speed drive arrangement. 

Claims 

1 . A control system for use in controlling fuel supply to 
at least two sets of burners (18, 22, 26, 28) of an 
engine, the control system comprising two or more 
fuel pumps (12a, 12b), each of the pumps being 
driven, in use, by a respective variable-speed motor 
(14a, 14b), and control means (30) for controlling 
the speed of the motors so as to regulate the rate 
of flow of fuel to each of the sets of burners (18, 22, 
26, 28). 

2. The control system as claimed in Claim 1 , wherein 
each of the fuel pumps (12a, 12b) is driven by 
means of a variable-speed electric motor (14a, 
14b). 

3. The control system as claimed in Claim 1 or Claim 
2, wherein the control system comprises two pumps 
(12a, 12b), each of the pumps having an inlet and 
an outlet, a first fuel flow path (13) through which 
fuel flows, in use, from the outlet of a first one of the 
pumps (12a) to a set of pilot burners (18) of the en- 
gine and to a set of idling burners (22) of the engine, 
a further fuel flow path through which fuel flowsfrom 
the outlet of the other of the pumps (12b) to one or 
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more sets of further burners (26, 28) of the engine, 
the set of idling burners (22) and each set of further 
burners (26. 28) each having, associated therewith, 
a respective staging valve arrangement (20. 24. 
25) ; and means (30) for controlling operation of the 
staging valve arrangements (20 ; 24 : 25). 



fuel flow path (43a, 43b) ; whereby the flow sensing 
valve (44a, 44b) associated with each staging fuel 
flow path (43a. 43b) provides an output signal indic- 
ative of the rate of flow of fuel through the associ- 
ated staging fuel flow path (43a ; 43b). 

9. The control system as claimed in Claim 1 or Claim 
2, wherein the outlets of the pumps (12a, 12b) are 
connected to each other to form a common supply 
(15) from which is provided a flow path (19a,69, 
1 9b. 77a, 1 9c,77b) for supplying fuel to each set of 
burners (18, 22, 26, 28), including two sets of main 
burners. 



4. The control system as claimed in Claim 3, wherein 
the first fuel flow path (13) is provided with a first 
flow sensing valve (36) for monitoring the rate of fuel 
flow through the first fuel flow path (13), whereby 
the first flow sensing valve (36) provides a first out- 
put signal indicative of the rate of flow of fuel through 
the first fuel flow path (13), wherein the control 
means (30) is arranged to receive the first output 
signal such that the speed of at least one of the mo- 
tors (14a, 14b) is controlled in response to the first 
output signal. 

5. The control system as claimed in Claim 4, wherein 
the further fuel flow path is provided with a further 
flow sensing valve (44a, 44b) for monitoring the rate 
of fuel flow through thefurtherfuel flow path, where- 
by the further flow sensing valve (44a, 44b) pro- 
vides a further output signal indicative of a rate of 
flow of fuel through thefurtherfuel flow path, where- 
in the control means (30) is arranged to receive the 
further output signal such that the speed of at least 
one of the motors (14a, 14b) is controlled in re- 
sponse to the further output signal. 

6. The control system as claimed in Claim 5, wherein 
at least one of the first or further flow sensing valves 
(36, 44a, 44b) is provided with a position sensor (38, 
46a, 46b) for monitoring the position of the associ- 
ated flow sensing valve (36, 44a, 44b), the position 
sensor (38, 46a, 46b) being arranged to provide an 
output signal indicative of the rate of flow of fuel 
through the respective fuel flow path. 

7. The control system as claimed in Claim 3, wherein 
the further fuel flow path is provided with a split 
valve arrangement (40) for dividing the fuel flow into 
first and second staging fuel flow paths (43a, 43b) 
and whereby, in use, fuel flows through the split 
valve arrangement (40) into the first staging fuel 
flow path (43a) to a first sei of main burners (26) 
and into the second staging fuel flow path (43b) to 
a second set of main burners (28), the proportion of 
the total flow of fuel into the split valve arrangement 
(40) that flows to the first set of main burners (43a) 
being controlled by controlling the position of the 
split valve arrangement (40). 



i5 io. The control system as claimed in Claim 9, wherein 
each flow path (19b, 19c) for supplying fuel to each 
set of main burners (26, 28) is provided with a flow 
regulating valve (52a, 52b) and a flow sensing valve 
(44a. 44b), the conlrol means (30) including a 
20 means of controlling each of the flow regulating 
valves (52a, 52b) in response to an output signal 
provided by the respective flow sensing valve (44a, 
44b). 



25 ii. The control system as claimed in Claim 10, wherein 
each flow regulating valve (52a, 52b) further in- 
cludes a low pressure inlet port (73a, 73b) and a 
low pressure outlet port (74a, 74b), the flow regu- 
lating valve (52a, 52b) being movable to a closed 
30 position for preventing high pressure fuel flow to the 

associated set of main burners (26, 28) and for en- 
abling fuel at low pressure to flow through the low 
pressure inlet port (73a, 73b), the low pressure out- 
let port (74a. 74b) and an associated fuel flow path 
35 (76a. 76b) to permit priming of an associated fuel 

manifold (17a, 17b) with low pressure fuel. 

1 2. The control system as claimed in Claim 1 1 , wherein 
the associated fuel manifold (17a, 17b) is a main 
-io burner manifold, each main burner manifold (17a, 
17b) having an associated air vent valve arrange- 
ment (80a, 80b), the control system being arranged 
to open the air vent valve arrangement (80a, 80b) 
during priming of the associated main burner man- 
45 if ole (i 7a, 1 7b) in order that air and/or other gases 

in the associated fuel flow path (76a, 76b) are able 
to escape through the air vent valve arrangement 
(80a. 80b). 

50 13. The control system as claimed in any of Claims 1 

to 12, wherein at least one set of burners is a set of 
pilot burners (18), the fuel flow path delivering fuel 
to a set of pilot burners (18) being provided with a 
pressure raising shut-off valve (PRSOV) (34) (60) 
for maintaining a fuel pressure within the system 
above a predetermined value and for preventing the 
flow of fuel to the set of pilot burners (1 8) if the fuel 
pressure falls below the predetermined value. 



7 



8. The control system as claimed in Claim 7, wherein 
each staging fuel flow path (43a, 43b) is provided 
with a flow sensing valve (44a, 44b) for monitoring 
the rate of fuel flow through the respective staging 
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1 4. The control system as claimed in Claim 1 3 . wherein 
the system includes means for controlling the PR- 
SOV (60) associated with the pilot burners (18) so 
as to purge manifolds (1 7a, 1 7b) and fuel flow paths 

of an associated set of main burners (26, 28) on 5 
shut down by permitting fuel in the associated fuel 
flow paths (77a ; 77b) to flow through the PRSOV 
(60) to a low pressure drain (81) after the burners 
(26. 28) have been switched off. 

10 

1 5. The control system as claimed in any of the preced- 
ing claims, wherein thecontrol means (30) takes the 
form of an electronic controller associated with the 
engine. 

15 

16. A method of controlling fuel supply to at least two 
sets of burners (18, 22, 26, 28) of an engine com- 
prising the steps of; 

providing two or more fuel pumps (12a, 12b), 20 

driving each of the fuel pumps (12a. 12b) by a 
respective variable-speed motor (14a, 14b), 
and 

25 

controlling the speed of the motors (14a, 14b) 
so as to regulate the rate of flow of fuel to each 
of the sets of burners. 
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